BACKGROUND: Increased epidermal growth factor receptor (EGF receptor) expression has been noted in various cancers and has become a useful target for therapeutic interventions. Small studies from Asia and Australia have demonstrated EGFR over-expression in gallbladder cancer. We sought to evaluate the expression of EGFR in a series of 16 gallbladder cancer patients from North America. METHODS: Using tumor registry data, we identified 16 patients diagnosed with gall bladder carcinoma at our medical center between the years of 1998 and 2005. We performed a retrospective review of these patients' charts, obtained cell blocks from pathology archives and stained for EGFR and Her2/neu. RESULTS: Fifteen of sixteen patients were noted to over-express EGFR. Three were determined 1+, nine were 2+ and three were 3+. Eight patients had poorly differentiated adenocarcinoma, six had moderately differentiated and two had well-differentiated tumors. In this small series, there was a trend toward shorter survival and more poorly differentiated tumors in patients with greater intensity of EGFR expression. One patient was EGFR negative but 3+ for erb-2/Her 2-neu expression. No patient co-expressed EGFR and Her-2-neu. Median survival of patients in this series was 17 months. CONCLUSION: In view of our observations confirming the over-expression of EGFR in our patient population in North America, and the recent success of EGFR targeted therapies in other solid tumors that over-express EGFR, it may now be appropriate to evaluate agents targeting this pathway either as single agents or in combination with standard chemotherapy.
Introduction
Approximately 5000 cases of gallbladder cancer are diagnosed in the United States per year. Higher rates are seen in Latin American countries such as Mexico, Chile and Bolivia, roughly correlating with the higher incidence of cholelithiasis. Various chemotherapy agents, including 5-FU and Gemcitabine, have been evaluated for the management advanced disease but thus far results have been disappointing [1] [2] [3] [4] .
5 FU plus LV has been the backbone of randomized clinical trials done in the past, demonstrating a RR of 32% and OS of 6months. [5] Combination therapy with 5FU and cisplatin have shown RRs of 10%-40% and median OS better than those observed with 5-FU alone. [5] [6] [7] [8] [9] [10] [11] [12] Single agent gemcitabine has been extensively evaluated in patients with metastatic biliary tract tumors with RRs in the range of 0%-30%, with median OS times in the range of 5-14 months.
[ [13] [14] [15] [16] [17] [18] Gemcitabine combinations with cisplatin, oxaliplatin or capecitabine have been tested in several clinical trials, which have demonstrated RRs 21%-53% and median OS times 5-15 months; these results are somewhat better than those from single-agent gemcitabine studies. [19] [20] [21] [22] [23] A pooled analysis of 112 trial using gemcitabine-based combination regimens confirmed superiority to single agent therapy. However the outcomes are still dismal with the pressing need for development of newer therapies. [1, 24, 25] Increased epidermal growth factor receptor (EGF receptor) expression has been noted in various cancers such as colon, squamous cell of the head and neck, non-small cell lung and breast cancers. Several small studies from Asia, Europe and Australia have examined the expression of EGFR in gallbladder cancer. [26] [27] [28] [29] [30] The epidermal growth factor receptor is one of many transmembrane protein kinases that are involved in signal transduction affecting cellular activi-ties such as metabolism, transcription, cell-cycle progression, apoptosis and differentiation. [31] These processes are tightly controlled, but when protein kinase activity is deregulated, malignant transformation may occur. [32] Among the various mechanisms of increased EGFR activation, is receptor over-expression, gene amplification and the loss of inhibitory signals. Activation of EGFR results in phosphorylation of intracellular substrates downstream and the subsequent activation of mitotic pathways. [32] The improved understanding of EGFR's role in oncogenesis has made it an attractive target for therapeutic intervention in several cancers. Clinical and preclinical data exist utilizing this target in colon cancer, squamous cell carcinoma of the head and neck, non-small cell lung cancer and breast cancer. [33] [34] [35] [36] [37] [38] [39] [40] [41] Likewise, the over-expression of EGFR on gallbladder carcinoma may have direct clinical implications with an alternative management strategy for the management of this difficult disease. [42, 43] In our study, we have gathered the data showing over-expression of EGFR in gallbladder cancer cases in North America.
Materials and Methods

Data Retrieval
Institutional Review Board approval was obtained. Tumor registry data identified patients diagnosed with gall bladder carcinoma at a single institution between the years of 1998 and 2005. We performed a retrospective review of these consecutive patients' charts and obtained the following information: biopsy site, stage at diagnosis, treatment modalities, survival, and tumor grade. Cell blocks were then obtained from pathology archives and stained for EGFR and Her2/neu as described below.
Methods for EGFR and Her 2/neu staining
Serial 4µm sections were cut from the cell block. Slides were then placed in xylene for 15 minutes for deparaffinization. Dehydration was performed by steps of graded alcohol. Tap water was used for rehydration. Slides stained with Her-2/neu (prediluted, monoclonal, clone CB11, Carpinteria, CA) were then pretreated for antigen retrieval by microwaving for 30 minutes using citrate buffer, pH 6. They were then stained using the Ventana Nexus autostainer. Slides stained with EGFR (prediluted, monoclonal, clone 2-18C9, Carpinteria, CA) were not pretreated for antigen retrieval and were stained using the Ventana autostainer.
Two observers who were blinded to the histologic diagnosis interpreted the slides. Cell membrane staining was used to assess positivity for EGFR and Her 2/neu. In each case, the intensity of the staining (0-negative to 3-strong) was determined. (Figure 1a-c) . The staining pattern for Her2-neu was determined as follows: Score 0= no staining is observed; Score 1+= faint membrane staining in more than 10% of tumor cells in part of the cell membrane; score 2+= weak to moderate complete membrane staining in over 10% of tumor cells; score 3+= strong complete membrane staining in over 10% of tumor cells.
The staining pattern for EGFR was determined as follows: Score 0= no staining is observed; Score 1+= faint membrane staining in more than 1% of tumor cells in part of the cell membrane; score 2+= weak to moderate complete membrane staining in over 1% of tumor cells; Score 3+=strong complete membrane staining in over 1% of tumor cells.
Results
In our series of sixteen patients, fifteen were noted to over-express EGFR (Table 1 ). Three were determined 1+, nine were 2+ and three were 3+. Eight patients had poorly differentiated adenocarcinoma, six had moderately differentiated and two had well-differentiated tumors. One patient was EGFR negative but 3+ for erb-2/Her 2-neu expression. Nine of 16 patients underwent surgical intervention alone, three underwent chemotherapy alone, two underwent both surgery and chemotherapy and two underwent surgery, chemotherapy and radiation therapy. Staging distribution was as follows: stage I: 12.5%(n=2); stage II: 37.5%(n=6); stage III: 12.5% (n=2); stage IV: 37.5%(n=6). We evaluated a possible correlation between the level of differentiation and intensity of EGFR expression. The three patients with 1+ expression had well-differentiated (one patient) and moderately differentiated (two patients) adenocarcinoma. Conversely, all three of the 3+ EGFR patients had tumors of the poorly differentiated type. The nine patients with 2+ EGFR was a mix of the former groups (one well-differentiated, four moderately differentiated and four poorly differentiated). This suggests an inverse relationship between differentiation and EGFR expression. Median survival of the 3+ patients was 3.5 months compared to 17 months overall.
Although our sample size is small, our data above also suggests an inverse relationship between EGFR expression intensity and survival. The patient with stage I disease with 3+ EGFR staining had a survival of 17 months versus the other stage I patient in our sample, who had 2+ EGFR staining, and is alive at 28 months follow-up. The patient with stage IV disease expressing 3+EGFR, had a survival of 3.5 months compared to the median survival of 10.5 months for stage IV patients with 1+ and 2+ staining. In summary, the 3+ patients had a substantially shorter survival when compared with less intense EGFR expression patients of similar stage.
Discussion
Background of EGFR
Epidermal growth factor receptor is a protein kinase receptor involved in the signal transduction affecting cellular activities such as metabolism, transcription, cell-cycle progression, apoptosis and differentiation. The two major subsets of drugs that inhibit EGF receptors are monoclonal antibodies and small molecules. The monoclonal antibodies prevent ligand binding and activation of the EGFR. One agent of this type is cetuximab, which has shown clinical efficacy in colon, [31, 32] and head and neck cancers. [31] Small molecules that target EGFR compete with ATP binding to the tyrosine kinase domain, thereby blocking signaling pathways. [32] Examples of drugs of this type are gefitinib and erlotinib. Erlotinib has shown activity against non-small cell lung and pancreatic cancers.
EGFR Expression in our sample of Gallbladder cancer patients
As with the available published data from Asia and Australia, we found a predominance of EGFR over-expression in our gallbladder cancer specimens. In our sample of 16 patients, only one patient (6.3%) did not have over-expression of EGFR. Nine patients(56.3%) were 2+ and three(18.3%) were 3+ in immunohistochemical staining. All fifteen of the patients expressing EGFR were negative for Erb-B-2/Her 2-neu. Conversely, the single patient that expressed Erb-B-2/Her 2-neu was 3+ intensity, and was negative for EGFR. We found it interesting that these two receptors, both of the erb-B family, have no co-expression in any of our patients.
As shown in the results, a disproportionate number of patients with 3+ EGFR expression had poorly differentiated tumors. Conversely, the patients with 1+ EGFR expression seemed to have proportionally higher numbers of patients with moderate or well-differentiated tumors. This suggests an inverse relationship between differentiation and EGFR expression. Assuming that poorly differentiated tumors behave more aggressively, intensity of EGFR expression may correlate with aggressiveness of disease.
This hypothesis is further supported by the examining the EGFR expression relating to survival. Stage for stage, the patients with greater EGFR intensity had shorter survival therefore suggesting an inverse relationship between EGFR expression intensity and survival. Although the number of patients is few, this is a consistent pattern throughout our sample. The patient with stage I disease with 3+ EGFR staining had a survival of 17 months versus the other stage I patient in our sample, who had 2+ EGFR staining, and is alive at 28 months follow-up. The patient with stage IV disease expressing 3+EGFR, had a survival of 3.5 months compared to the median survival of 10.5 months for stage IV patients with 1+ and 2+ staining. In summary, the 3+ patients had a substantially shorter survival when compared with less intense EGFR expression patients of similar stage.
Previous studies of EGFR Expression in Biliary Tumors
A study from MD Anderson demonstrated that constitutive expression of ErbB-2 in mice resulted in development of gallbladder cancer. [44] Several small studies, mostly from Asia, have complemented this work by examining the level of expression of EGFR in biliary tumors (Table 2 ). These few studies demonstrated a significant and consistent over-expression of epithelial growth factor receptor in biliary tumors. The largest such study was published by Zhou et al from China. [26] Zhou compared EGFR expression in normal gallbladder specimens (10 specimen) with gallbladder carcinoma specimen (41 specimens) and hyperplastic tissue specimens (26) using immunohistochemistry. EGFR over-expression was found to be 71% in the carcinoma specimens as compared to 0% of the normal gallbladder specimens. Lee et al performed immunohistochemistry stains for EGFR on 13 gallbladder cancer specimens from Australia. [29] 100% of the gallbladder cancer specimens were found to stain strongly positive for EGFR. Table 2 . EGFR expression in Biliary Tumors.
Study
N Immunoreactivity(%) Lee et al. [29] Gallbladder-13 Biliary duct-7 100% 86% Kim et al. [52] Biliary duct-20 25% Zhou et al. [26] Gallbladder-41 71% 
Current studies in EGFR related therapy of Gallbladder Cancer
Several trials have been undertaken in the past investigating chemotherapy for advanced biliary cancers, including cancer of the gallbladder. Many of these trials involved gemcitabine, either as a single agent (table 3) or in combination with other chemotherapies (table 4) . [1, 2] Other trials have looked at non gemcitabine based combination therapies (table 5) . The response rates have been between 21%-53% and median OS times 5-15 months. [1] With limited improvement in responses and survival with the combination chemotherapies, the focus is now on evolution of newer targeted therapies.
Several studies targeting the EGFR pathway have been undertaken. In a phase II study of 42 patients with biliary tract cancer treated with single-agent erlotinib, Philip et al. demonstrated a 17% 6-month progression-free survival (PFS) rate; three patients had partial responses (PRs) as determined by the Response Evaluation Criteria in Solid Tumors. Of these patients, 57% had received first line chemotherapy. [45] In this study, EGFR mutation status was not tested, and therefore it is unknown if the response correlated with EGFR mutation status. There is a possibility that the population of patients with the EGFR mutation might have a significant benefit from EGFR inhibition therapy, along the lines of non-small cell lung cancer patients. [2, 46] Efficacy of cetuximab, in biliary tract and gallbladder cancers, in combination with either Gemcitabine or gemcitabine and oxaliplatin have been demonstrated in two studies [42, 43] . Lapatinib, a dual EGFR-1and humanepidermal growth factor receptor (HER)-2/Neu inhibitor, was tested in a phase I trial in seven patients with biliary tract cancer. [47] In a recently completed phase II study, patients with locally advanced/metastatic cholangiocarcinoma or gallbladder cancer were given cetuximab 500 mg/m² on day 1 followed by 1,000mg/m² gemcitabine (day 1) and 100mg/m² oxaliplatin on day 2 every second week. The primary endpoint was response rate; secondary endpoints were toxicity, progression free and overall survival. The overall response rate of 19 evaluable patients was 58%, including one patient with a complete response. Six patients (32%) achieved stable disease and 2 patients (11%) progressed under chemotherapy after a median of 6.5 cycles (SD ± 2.8). The response significantly correlated with the grade of acne-like rash (p < 0.002). Six initially unresectable patients underwent a curative resection after major response was observed (32%). The median PFS was 9.0 months (95% CI 3.1-14.9). Four patients are currently without evidence of disease after a median follow-up of 6.3 months post-liver resection [42] . Bevacizumab and sorafenib are also under investigation for treatment of both these cancers. [48] [49] The finding of over-expression of EGFR in our patient population in North America further strengthens the rationale in targeting this pathway in gallbladder cancer [35, 38, 40, 41] . Additional clinical trials are underway exploring the role of EGFR inhibition in this malignancy. Decreased response to EGFR inhibitors has been reported in Kras mutant patients in colorectal cancer [39] [40] [41] . In this context, Kras mutation status in patients with biliary tract and gallbladder warrants further investigation as use of EGFR inhibitors grows. [50, 51] 
